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NOISE MEASUREMENTS OF MODEL JET- AUGMENTED LIFT SYSTEMS 


By Frederick W. Gibson 
Langley Research Center 

SUMMARY 

Noise measurements were obtained on models of jet-augmented lift systems which 
are currently being considered for use on proposed short take-off and landing (STOL) 
vehicles. These configurations included a conventional internally blown flap, an aug- 
menter wing, an externally blown flap, and modifications of these basic concepts. The 
tests were conducted in the Langley anechoic noise facility at zero forward speed with 
cold air jets. 

The conventional internally blown flap exhibited lower noise levels than the aug- 
menter wing and the externally blown flap at the same pressure ratios, being of the order 
of 8 dB or more at the lowest pressure ratio and of the order of 20 dB at the highest pres- 
sure ratio of the tests. The data also indicated that for the conventional internally blown 
flap, there may be an optimum gap size (other than zero) between the turning lip and the 
flap leading edge from the standpoint of minimum noise generation or admittance. 

Increasing the trailing-edge thickness of the plain internally blown flap produced no 
appreciable change in the overall sound pressure level or frequency spectral content in 
the range of the tests. The data indicated that at a position on the ground directly under 
the jet exit, the externally blown flap and the augmenter-wing overall noise levels are 
comparable to each other throughout the pres sure -ratio range of the tests. 

INTRODUCTION 

Since short take-off and landing (STOL) vehicles will need acceptable community 
noise characteristics, noise will be one of the primary factors in the selection of a 
propulsion-lift system for these vehicles. The propulsion- lift systems that are currently 
being considered for STOL aircraft include a conventional internally blown flap, an aug- 
menter wing, and an externally blown flap configuration. Studies of the noise character- 
istics of these configurations are reported in references 1 to 5 and the present work is 
an attempt to extend and complement these studies by evaluating the effects of configura- 
tion variables on the noise characteristics. The models were tested in the Langley ane- 
choic noise facility at zero forward velocity with cold air jets. The results of the tests 
are presented herein in the form of overall sound pressure levels, radiation patterns, and 
frequency spectra for a range of nozzle pressure ratios. 



SYMBOLS 


The measurements were made in U.S. Customary Units and are presented herein in 
the SI system. 

g width of gap between nozzle and flap leading edge (fig. 1(c)) 

h short dimension of rectangular nozzle (fig. 1(a)) 

l flap length (fig. 1(b)) 

r radius of measurements (distance of microphone from center of jet exit) 

t flap trailing-edge thickness 

w long dimension of rectangular nozzle (fig. 2(c)) 

X,Y,Z coordinate axes 

y angle measured from jet axis in XZ -plane (positive counterclockwise) 

(see fig. 6) 


APPARATUS AND METHODS 
Models 

The test configurations consisted of models of a conventional internally blown flap, an 
augmenter wing, an externally blown flap, and modifications of these basic concepts. 
These test configurations are shown schematically in figures 1 to 4. All nozzles had 
approximately the same exit area which was equivalent to a circular nozzle with a diam- 
eter of 0.0508 meter. 

Internally blown flap arrangements .- In figures 1(a) and 1(b) are indicated two 
turning-flap configurations that were tested as internally blown flaps of different chord 
length. Figure 1(c) shows the modification of the long flap which was used to investigate 
the effect of leading-edge gap size. Two internally blown flaps using a rectangular noz- 
zle of aspect ratio 200 are shown in figure 2. Figure 2(a) shows the air being turned by 
blowing under and against the flap (impingement) and figure 2(b) shows the air being 
turned by blowing over the upper surface and such an arrangement is called a Coanda 
flap. 
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Augmenter wing .- Figure 3 shows a standard augmenter-wing configuration. The 
dashed lines and shaded section in the gaps between the lower elements indicate how the 
gaps were sealed and faired for a separate and distinct configuration. 

Rectangular nozzl e. - The plain internally blown flap and the augmenter-wing models 
incorporated the rectangular nozzle indicated in figure 3. The nozzle had a length of 
0.913 meter and a height of 0.00254 meter and hence had an aspect ratio of 360. There 
was a 60 to 1 contraction ratio from the plenum chamber to the nozzle, and aluminum 
honeycomb was inserted ahead of the nozzle to smooth the flow. 

Externally blown flap .- Figure 4 is a sketch of the externally blown flap configura- 
tions. The dashed lines and shaded sections indicate a modification which consisted of 
sealing and fairing the gaps between the elements to provide a simple turning surface. A 
circular nozzle with a 0.0508-meter diameter was used with the externally blown flap 
configurations. 


Test Setup 

All tests were conducted in the Langley anechoic noise facility. A photograph of the 
test chamber is shown in figure 5. Shown in the figure is the test setup for the standard 
augmenter-wing configuration of figure 3 with one of the end plates removed to show the 
flap components. The test-chamber dimensions are approximately 8 meters on each side 
and details of its construction are given in reference 6. Shown also in the photograph is 
an adjustable microphone boom which can be oriented to obtain far-field noise radiation 
patterns and frequency spectra in any particular plane of interest. The data of the report 
were obtained in the plane of the nozzle -flap center line which is identified in figure 6 as 
the XZ-plane. Some data are presented for the YZ-plane which includes the plane of the 
jet exit. 

The mass flows at equal pressure ratios were equal for the configurations using the 
rectangular nozzle with aspect ratio 360 (internally blown flap and augmenter wing) but 
were approximately 12 percent lower for the externally blown flap (circular nozzle) at the 
same pressure ratios. 


Noise -Measuring Equipment 

The noise measurements were made by utilizing two condenser -type microphones, 
one mounted on a rotatable boom and the other on a stand in a fixed position for reference 
purposes. The system frequency response was flat to within ±1 dB from 50 Hz to 40 kHz. 
During the tests the outputs of the microphones were analyzed directly on a one-third- 
octave band frequency spectrum analyzer, which determined sound pressure level spectra 
(referenced to 20 pN/m2), and were recorded simultaneously on a magnetic tape recorder 
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as a backup record to allow subsequent analyses. The sound measurement system was 
calibrated by use of a discrete frequency calibrator at frequent intervals during the 
testing. 


Tests 

The tests were made over a range of nominal nozzle pressure ratios from 1.1 to 
2.2. The pressure ratio is described as the ratio of pressure in the plenum chamber just 
upstream of the nozzle to ambient pressure. Noise measurements were made in the 
XZ-plane and YZ-plane at a radius of 3.048 meters from a point on the jet exit and jet 
center line for all the configurations. The microphone boom was maneuvered through 
the desired range of angular positions, and real-time frequency spectrum analyses were 
performed in real time and recorded on magnetic tape. 

RESULTS AND DISCUSSION 
Base-Line Circular and Slot Jets 

Radiation patterns .- As an aid in the interpretation of the jet-augmented flap noise 
data to follow, the XZ-plane radiation patterns for the base-line circular and rectangular 
jets without turning flaps are presented in figure 7. The circular jet and the slot jet have 
radiation patterns which peak at approximately 40° from the thrust axis in the XZ-plane. 
The overall noise levels are noted to be generally lower for the slot nozzle than for the 
circular nozzle at the same pressure ratios. 

Frequency spectra .- The data of figure 8 relate to the noise from the basic circular 
and slot jets of the jet-augmented flap configurations and are presented as an aid in inter- 
preting the spectral data of these configurations. It can be seen that the frequency spectra 
from these slot jets have substantially more high-frequency content than do the noise spec- 
tra from a circular jet of a comparable area and nozzle pressure ratio. 

Internally Blown Flap Arrangements 

Radiation patterns .- Radiation-pattern data for the internally blown flap configura- 
tions are shown in figures 9 to 16. Radiation patterns in the XZ-plane are shown in fig- 
ure 9 for both short ^ and long ^ = 90) turning flaps for a range of nozzle pressure 
ratios from 1.3 to 2.2. Note that the gap in the patterns indicates that the flow deflec- 
tions were not as similar as the angular setting of the flap would imply. These data 
show that the short flap had much higher noise levels below the wing than the long flap. 

Comparisons are made in figures 10 and 11 of the noise radiation patterns of two 
types of turning flaps utilizing a rectangular jet with an aspect ratio of 200. One flap 
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turns the flow by means of the Coanda principle, and the other turns the flow by impinge- 
ment. The data of the figures provide a comparison of the noise radiated in the XZ -plane 
and in the YZ-plane. It can be seen that the noise on the side shielded by the flap is com- 
parable in both cases, there being slightly higher levels for the impinged flap. The impli- 
cation from these data is that more efficient flow turning from a noise standpoint can be 
achieved by means of a Coanda flap. It can also be seen in figures 10 and 11 that the long 
flap is quieter than the short flap; these results are in agreement with those of figure 7. 

Figures 12(a) and 12(b) show the noise radiation patterns in the XZ- and YZ-planes, 
respectively, for the plain internally blown flap with sharp trailing edge and with several 
degrees of trailing-edge thickness. (Note the change in decibel scale as the pressure 
ratio increases.) These data show no change in radiation patterns with changes in 
trailing-edge thickness. Note that different models were tested to obtain the data of 
figures 9 and 12(a) for the sharp-trailing-edge models; this fact explains any small dif- 
ferences in radiation pattern data which may be found. 

Figure 13 shows the overall sound pressure level measured at y = 90° as a func- 
tion of pressure ratio, for the long internally blown flap with trailing-edge-thickness 
modifications. These data also indicate that there is no apparent change in overall sound 
pressure level with increasing trailing-edge thickness within the range of the tests. 

The effect of leading-edge gap on the noise -radiation patterns can be seen in the 
data of figure 14. The dashed curves in the column on the left of the figures are the data 
for the plain long internally blown flap with no gap. The data across the top row (low 
pressure ratio) show that with just a small gap, the noise increases approximately 10 dB 
above the flap and about 20 dB below the flap with very little increase beyond this level 
with increasing gap dimension. However, as the pressure ratio increases up to the max- 
imum ratio of 2.2, the sound pressure decreases as the gap becomes larger. The data in 
the bottom row (pressure ratio, 2.2) show that the radiation patterns for the zero-gap con- 
figuration (dashed line on the left) and the maximum gap (configuration ^ = 4^ are very 
similar. In figure 15, the overall sound pressure level data measured at y = 90° are 
plotted as a function of pressure ratio and nondimensionalized leading-edge gap size. 

The figure graphically illustrates the sharp increase in noise with the introduction of a 
small gap (the effect being most pronounced at a pressure ratio of 1.3) and a decrease in 
noise as the gap dimension is increased. At the highest pressure ratio (2.2), the noise at 
y = 90° is only slightly higher for the largest gap configuration than for the zero gap 
configuration. 

Frequency spectra .- The data of figures 16 and 17 relate to the plain internally 
blown flap configurations having both short and long flaps and modifications of the long 
flap which include variations of trailing-edge thickness and leading-edge gap size. The 
spectra for the short-flap configuration (fig. 16(a)) have shapes similar to those shown in 
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figure 8 for the rectangular slot jet. In the case of the plain long flap (fig. 16(b)), there 
is substantially less high-frequency content and higher intensities in the low-frequency 
components than for the short flap at the high pressure ratio. These low-frequency 
changes in the spectra are believed to be associated with an interaction of the jet exhaust 
flow and the flap surface. The changes at the higher frequencies result in part from the 
shielding action of the flap in the downward direction. 

The data of figure 17(a) indicate that increasing the trailing-edge thickness induces 
an increase (approximately 3 dB) in the low-frequency content up to 2 kHz with a reversal 
of this trend from 2 kHz to 40 kHz. 

Figure 17(b) shows that the introduction of a small gap between the turning lip and 
the long flap leading edge increases the low-frequency content. This gap also introduces 
a sharp peak in the spectrum between 20 kHz to 40 kHz. The peak diminishes as the gap 
is widened. A possible explanation of this effect is that when there is no gap, the flow 
from the jet attaches immediately and the low frequencies dominate. When a small gap 
is introduced, high-velocity flow is induced in the gap and this high-velocity flow causes 
the flow over the flap to become detached; thus, high frequencies are generated. As the 
gap becomes wider, the velocity of the air aspirating through the gap decreases and 
allows the flow to become partially attached. 

Figure 18 gives frequency spectra above and below a Coanda flap and an impinge- 
ment flap for comparison. It can be seen that the noise spectra on the shielded side are 
comparable; whereas, directly below the flap or jet exit, there is a marked reduction of 
the noise over the entire frequency range above 1 kHz. 

Augmenter Wing 

Radiation patterns.- Augmenter-wing radiation pattern data are presented in fig- 
ure 19 for the XZ-plane. Data are presented for a range of nozzle pressure ratios for 
both the standard configuration and a modified version which incorporated sealing the 
slots between the bottom flaps. It can be concluded from the figure that markedly less 
noise is radiated in the downward direction when the bottom slots are sealed than when 
they are open. 

Frequency spectra .- The data of figure 20 relate to the jet augmenter-wing model 
having the bottom slots both open and closed. The spectra for the standard- slots-open 
model indicate very little change in the shape of the spectrum but increase in the noise 
levels across the entire spectrum as the pressure ratio is increased. The peak levels 
at all pressure ratios were less for the slots-closed configuration than for the slots-open 
configuration. 
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Externally Blown Flap Arrangements 


Radiation patterns .- Radiation-pattern data for the externally blown flaps are pre- 
sented in figures 21(a) and 21(b). Data are given for both the standard configuration and 
a modified version having the slots closed and faired to form a smooth turning surface 
for a range of pressure ratios. It can be seen from the XZ -plane data of figure 21(a) that 
slightly lower noise levels in the downward direction are associated with the smooth 
turning surface configuration compared with the slots-open configuration. 

Frequency spectra .- Figure 22 represents comparable data for a standard, slots- 
open, externally blown flap model and a modified, slots-closed, externally blown flap 
model. It can be seen that at pressure ratios of 1.1 to 1.3, there is significantly less 
noise being radiated from the slots-closed configuration than for the slots-open configu- 
ration. At pressure ratios of 1.5 and above, the peak levels of the two configurations 
appear to be the same. The differences in the shapes of the spectra indicate that closing 
the slots sharply reduced the high-frequency content whereas the low-frequency content 
remained essentially the same. 

Comparison of Various Configurations 

In an attempt to compare the noise characteristics of some of the configurations 
tested, the data of figure 23 are presented, hi the figure, overall noise levels are plotted 
as a function of pressure ratio for the basic configurations. Although data are included 
for a wide range of pressure ratios, it should be noted that the most practical operating 
range for the externally blown flap configuration is from 1.1 to about 1.3 and between 1.8 
and 2.2 for the internally blown flap and the augmenter wing. The indications are that the 
augmenter-wing configuration has markedly higher noise levels than the internally blown 
flap. This difference is due to the fact that the multielement lower flap system is not as 
effective as the internally blown flap for acoustical shielding and that some noise is gen- 
erated in the gaps. It is obvious that the augmenter-wing system can be improved from 
a noise standpoint with the use of a solid lower flap construction, hi addition, unpublished 
studies have suggested that there is a potential for noise reduction through proper applica- 
tion of acoustic treatment. 


CONCLUSIONS 

Noise measurements were obtained on models of jet -augmented lift systems which 
are currently being considered for use on proposed short take-off and landing (STOL) 
vehicles. These configurations included a conventional internally blown flap, the aug- 
menter wing, an externally blown flap, and modifications of these basic concepts. The 
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tests were conducted in the Langley anechoic noise facility at zero forward speed with 
cold air jets. From these tests, the following conclusions are drawn: 

1. The plain internally blown flap exhibited much lower noise characteristics than 
the augmenter wing and the externally blown flap. 

2. The overall sound pressure levels of the plain internally blown flap are insensi- 
tive to trailing-edge thickness. 

3. A small gap at the leading edge of the long internally blown flap produced a sharp, 
substantial increase in noise. As the size of the gap was increased, the noise level 
decreased; this effect is more pronounced as the nozzle pressure ratio was increased. 

Langley Research Center, 

National Aeronautics and Space Administration, 

Hampton, Va., February 24, 1972. 
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(a) Short internally blown flap. 



(b) Long internally blown flap. 
Figure 1.- Sketches of models. 






(a) Impingement flap. 



(b) Coanda flap. 



0.3175 m 


(c) Rectangular nozzle (aspect ratio, 200). 
Figure 2.- Over and under internally blown flap models. 
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Figure 7.- Overall sound pressure level radiation patterns in the 
XZ-plane for the circular and slot base-line jets. 
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Figure 8.- Frequency spectra for the base-line jets at y = 90°. XZ-plane. 
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Figure 9.- Overall sound pressure level radiation patterns in the 
XZ -plane for the short ^ = 5^ and long = 90^ internally 
blown flaps. 
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Figure 10.- Overall sound pressure level radiation patterns in the XZ- and YZ-planes for the short internal flow 
flap configurations with flap above jet and flap below jet. Flap deflection angle, 30°; w/h, 200; 1 / h, 20. 
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Open symbols, Coanda flap 
Solid symbols, flow impingement 


Figure 11.- Overall sound pressure level radiation patterns in the XZ- and YZ-planes 
for the long internal flow flap configurations with flap above jet and flap below jet. 
Flap deflection angle, 30°; w/h, 200; 1 / h, 200. 
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(a) XZ-plane. 

Figure 12.- Overall sound pressure level radiation patterns for the internally blown 
flap with sharp trailing edge and several degrees of trailing-edge bluntness. 
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Figure 13.- Overall sound pressure level measured at y = 90°, 3.048-meter radius 
for the internally blown flap with sharp trailing edge and several degrees of 
trailing-edge bluntness as a function of nozzle pressure ratio and exit velocity. 
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Figure 15.- Effect of leading-edge gap size on overall sound pressure level 
measured at y = 90°. (g, gap size; h, nozzle height.) 
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Figure 18.- Frequency spectra for two internal flow flap configurations measured at 90° 
from the jet axis above and below the flaps, w/h, 200; 1 / h, 190; long flaps. 
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Figure 19.- Overall sound pressure level radiation patterns in the XZ-plane 
for the augmenter-wing standard configuration and the model with bottom 
slots closed. 
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Plain internally blown flap (Short) 

Augmenter wing 
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Figure 23.- Overall sound pressure level as a function of pressure ratio 
for four flap configurations and two bare nozzles, y = 90°; XZ -plane. 
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